OBJECTIVE: A meta-analysis to compare the incidence of postoperative cognitive dysfunction (POCD) following off-pump coronary artery bypass grafting (OPCAB) versus after conventional coronary artery bypass grafting (CABG). METHODS: A systematic search of the Medline ® , EMBASE ® and Cochrane Library databases was performed to identify randomized controlled trials published until the end of November 2011. Data were analysed using RevMan version 5.0 software. RESULTS: The literature search identified 13 randomized controlled trials which included a total of 2326 cases. Meta-analysis found that the incidence of POCD was significantly higher following CABG than after OPCAB during the perioperative period (1 -2 weeks) and at 3 months postsurgery. There were no significant between-group differences at 6 or 12 months postsurgery. CONCLUSIONS: Compared with CABG, OPCAB was found to be associated with a reduced incidence of early-stage POCD. Caution must be taken when interpreting these findings because of limitations in the available data.
Introduction
Postoperative cognitive dysfunction (POCD) is a well-recognized complication of coronary artery bypass grafting (CABG). 1 -3 Cardiopulmonary bypass is associated with systematic inflammatory responses, haemostatic dysfunction and myocardial injury. 4 Off-pump coronary artery bypass grafting (OPCAB) is a revascularization technique that does not require cardiopulmonary bypass and, therefore, involves reduced aortic manipulation, which may reduce the risk of perioperative stroke and neurocognitive decline. 5 There are concerns, however, that the poor quality of vascular anastomosis associated with OPCAB may compromise longer-term patient outcomes. The present meta-analysis was, therefore, performed to compare neurocognitive outcomes of patients following OPCAB with such outcomes following CABG.
Materials and methods

SEARCH STRATEGY
An extensive search of the Medline ® , EMBASE ® and Cochrane Collaboration databases was performed to identify relevant JH Sun, XY Wu, WJ Wang et al.
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randomized controlled trials published up to the end of November 2011. The search included the medical subject headings terms (cognitive OR neurocognitive) AND (CABG OR OPCAB OR coronary). The same search terms were also used to search the title and abstract fields. No restrictions were placed on language. Relevant articles were selected by two independent reviewers (J.H.S. and X.Y.W.), with disagreements regarding trial selection resolved by a third independent reviewer (W.J.W.).
INCLUSION AND EXCLUSION CRITERIA
The following inclusion criteria were applied: (i) patients were assigned to off-pump versus on-pump CABG surgery; (ii) the trial mentioned the incidence of cognitive decline at any time-point. Exclusion criteria were: (i) a duplicate article containing all or some of the original publication data; (ii) where raw data could not be provided or calculated.
DATA EXTRACTION
Data regarding the number of patients in each group, patient age, history of hypertension, diabetes or stroke, method of POCD assessment, cardiopulmonary bypass temperature, mean number of grafts, duration of surgery, duration of hospital stay and incidence of POCD were extracted. Every paper included in the meta-analysis was read in full and the data were extracted and crosschecked independently by two reviewers (J.H.S. and X.Y.W.), with disagreements resolved by discussion.
STATISTICAL ANALYSES
Data were collected and analysed using RevMan software, version 5.0 (The Cochrane Collaboration, Oxford, UK). Heterogeneity among studies was assessed using the χ 2 -test, with the extent of heterogeneity determined using the I 2 method (a P-value < 0.1 was taken to indicate a statistically significant level of heterogeneity). A fixed-effects model was used in the absence of heterogeneity. The weighted mean difference and 95% confidence intervals (CI) were calculated for continuous data; odds ratios with 95% CI were calculated for dichotomous data. Sensitivity analyses were performed to exclude the effect of hypothermia (< 32°C). P-values < 0.05 were considered to be statistically significant.
Results
The initial review identified 15 publications, 6 -20 two of which 19, 20 were excluded as they were duplicates of populations reported in the other papers. The final meta-analysis, therefore, included 13 articles, comprising 2326 cases (CABG, n = 1166; OPCAB, n = 1160). 6 -18 The characteristics of these studies are shown in Table 1 .
The meta-analysis showed that patients who had undergone OPCAB or CABG were comparable in terms of age, 7 -10,13,14,16 -18 presence of hypertension 7 -9,11 -13,15 -18 and stroke history. 7 -9,12,13,16 -18 There was a significantly lower incidence of diabetes in the OPCAB group than in the CABG group (P = 0.04). 6,8,9,12,13,15 -18 Significantly fewer grafts were performed in the OPCAB group than in the CABG group (P = 0.003), 6 -12 and duration of hospital stay was shorter in the OPCAB group than in the CABG group (P = 0.002). 6, 9 -11,17 There was no significant between-group difference in duration of surgery. 7, 11 -14 10, 12, 13, 18 No significant between-group differences were observed at 6 months 11, 15 or 12 months postsurgery. 7, 9, 16, 18 Heterogeneity between the 13 studies was not significant. There was no significant difference in the incidence of POCD when the effect of hypothermia was excluded. 7, 12, 13, 16 The incidence of nonfatal stroke was reported in four studies, 9, 12, 14, 18 with no significant difference observed between the CABG and OPCAB groups. There was no significant difference in the mortality rate between the CABG and OPCAB groups. 9, 16, 18 
Discussion
Studies have indicated that POCD after CABG occurs in 3% -80% of patients, 3,28,29 and persists beyond 5 years in up to 42% of patients. 29 Estimates of POCD prevalence vary between the studies due to differences in study design (including surgical procedure, neurocognitive function test, assessment time points, definitions of neurocognitive impairment and statistical analyses used for group comparisons). Studies have demonstrated that OPCAB is associated with significant reduction in neurocognitive decline, although the data were inconclusive. 30, 31 A study by Takagi et al. 32 demonstrated improved cognitive outcomes at 1 and 3 months after OPCAB and negligible effects at 6 and 12 months, but the lack of sensitivity analysis in that study limited its validity.
The present meta-analysis showed that POCD after OPCAB was significantly less severe in the early postoperative period (between 1 week and 3 months) compared with that observed after CABG over this time period. Early POCD may be associated with the occurrence of microemboli generated during cardio pulmonary bypass. 33 Lee et al. 9 demonstrated that perfusion of specific regions of the brain (including the bilateral occipital, cerebellar, thalami and left temporal lobe) was reduced after CABG but remained unchanged after OPCAB. The present meta-analysis found that fewer grafts were performed in the OPCAB group than in the CABG group, requiring less manipulation and, potentially, reducing the risk of an inflammatory response. This might explain why the occurrence of early stage POCD was greater in the CABG group than in the OPCAB group.
Many studies included in the present meta-analysis involved stringent selection criteria to ensure that patients could tolerate 
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the off-pump procedure in OPCAB, thus eliminating some potentially high-risk patients who may have been eligible for CABG. This may have introduced bias in favour of OPCAB. It is notable that the incidence of diabetes was significantly higher among patients in the CABG group compared with that observed in the OPCAB group.
Studies have reported contradictory findings regarding the incidence of POCD after CABG and OPCAB. 9, 10, 12, 14, 16, 18, 34 The present meta-analysis found that OPCAB was associated with improved cognitive outcome in the early postoperative period.
These findings are consistent with some other research, 10 but many studies 9, 12, 14, 16, 18, 34 have shown no difference in neurocognitive function after CABG or OPCAB at any time point. Sensitivity analyses performed in the current metaanalysis supported the main findings. Data limitations arising from heterogeneity in the method of neurocognitive assessment underscore the need for caution in interpreting these results.
